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Abstract: The contents of seven different phenolic acids such as gallic acid, catechinic acid, pyrocatechol, caffeic acid, coumaric acid, fer- 
ulic acid and benzoic acid in the poplar leaves {Populus Simonii * Populus Pyramibalis c.v and Populus deltoids) suffocated by Methyl jas¬ 
monate (MeJA) and Methyl salicylate (MeSA) were monitored for analyzing their functions in interplant communications by using 
high-pressure liquid chromatography (HPLC). The results showed that the contents of phenolic acids had obviously difference in leaves ex¬ 
posed to either MeSA or MeJA. When Pdeltoides leaves exposed to MeJA or MeSA, the level of gallic acid, coumaric acid, caffeic acid, 
ferulic acid and benzoic acid was increased, gallic acid in leaves treated with MeJA comes to a peak at 24 h while to a peak at 12-d having 
leaves treated with MeSA. When P. Simonii x-P. Pyramibalis c.v leaves were exposed to MeJA or MeSA, the level of gallic acid, pyrocate¬ 
chol and ferulic acid was increased; The catechinic acid and benzoic acid had a little drop; The caffeic acid and coumaric acid were unde¬ 
tected in both suffocated and control leaves. This changed pattern indicated that MeJA and MeSA can act as airborne signals to induce de¬ 
fense response of plants. 
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Introduction 

Naturally, plants often encounter various challenges simulta¬ 
neously from biotic and abiotic stresses. Each environmental 
factor can activate different signalling pathways to response as a 
spatial and temporal defense (Dempsey et al. 1999; Ryan 2000). 
For protecting themselves from pathogen, mechanical or herbi¬ 
vore attack, plants release a complex blend of volatiles that pro¬ 
vide valuable cues for herbivores and their natural enemies 
(Dicke 1999; Pare et al. 1999). These biochemical and physio¬ 
logical responses of plants often result in a tolerance or protec¬ 
tion from further environmental challenges. 

Several studies have shown that plants exposed to volatile 
compounds may increase the production of defensive chemicals 
even though they themselves have not been damaged (Dicke et 
al. 2001). Methyl jasmonate (MeJA), a volatile product of the 
octadecanoid signaling pathway, has been shown to induce the 
synthesis of defensive proteinase inhibitor in the treated plants 
and in neighboring plants (Fanner et al. 1990). Methyl salicylate 
(MeSA) is synthesized from salicylic acid (SA), which is an 
important component of systemic-acquired resistance (SAR) in 
several plants species (Shah et al. 1999). SAR is a patho¬ 
gen-inducible resistance in tissue distant from the primary infec¬ 
tion. Previous experiments showed that MeJA could mediate 
interplant communications in some plants (Fanner et al. 1990; 
McConn et al. 1997; Farmer et al. 1998). However, these ex¬ 
periments were on the herbaceous plants and there was limit 
evidence to show such a process in woody plant. Other 
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plant-derived volatile and MeSA have recently been reported as 
airborne signal in plant-plant communication (Shulave et al. 
1997). We try to know whether MeJA and MeSA can travel 
through the atmosphere to activate plant defense and whether 
communication exists between neighboring plants within this 
experiment. 

The resistance of plants towards insect and pathogen is based 
on cell wall lignification and phytoalexin synthesis (Wagner 
1988). Phenolic acids play a key role in these reactions. Phenolic 
acids are a large class of plant secondary metabolite products 
distributing widely in the plant kingdom. The defensive role of 
phenolic acids relates to an increase in their content under 
stressed environment conditions, such as air pollution, UV radia¬ 
tion, infection or mechanical damage (Mieczyslaw 1999). Previ¬ 
ous studies demonstrated that total phenols content increased in 
leaves when trees were damaged or exposed to volatile released 
by damaged plant (Baldwin et al. 1983), but there were few re¬ 
ports on the phenolic acids. Therefore, in this study, we used 
MeJA and MeSA to suffocate the poplars, then examined the 
contents of seven phenolic acids by high-pressure liquid chro¬ 
matography (HPLC). Some of them are orthodihydroxy phenolic 
compounds and tannin which act as a strong inhibitor of exterior 
enzymes, others are phenylpropanoids which make up of plant 
cell wall, and the rest are key intermediates in biosynthesis 
pathway. 

Materials and methods 

Plant materials and treatment 

Populus Simonii x Populus Pyramibalis c.v and Populus del- 
toides were cultivated in the pots under natural conditions in 
March. They were daily watered and irrigated by nutrition solu¬ 
tion (5% Hoagland) every month. Trees were top-excised in 
April for more branches. The pots were moved frequently to 
avoid the roots growing outside, and the roots system remains 
intact. 
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The similar plants were chosen for minimizing the influence 
of difference between plants, and then they were exposed to 
MeSA or MeJA vapor inside an air-tight chamber. Airborne 
concentration of MeSA or MeJA in the chamber is about 0.8 
umol-L' 1 finally. The plants exposed to 100% of ethanol in the 
same condition were used as controls. The leaves were harvested 
with petiole after 4 h, 24 h, 6 d, 12 d and dried at 105 °C for 4 h, 
then baked to be constant weight at 75 °C in oven. 

HPLC analysis 

Chemicals 

Gallic acid, catechinic acid, pyrocatechol, caffeic acid, cou- 
maric acid, ferulic acid and benzoic acid were purchased from 
Sigma Chemical Company, and they all were chroma¬ 
tographic-grade reagents (>99%). Petroleum ether, methanol and 
phosphate were all analytical-grade reagent. Acetonitrile of 
chromatographic-grade reagent was obtained form Baker Com¬ 
pany. 

Extraction of phenolic acids 

The dry leaves were ground to a fine powder in lender. Pow¬ 
dered material (3 g) was put into a flask, and 50-mL petroleum 
ether was added at room temperature with continuous stirring for 
30 min and kept for overnight. The residual were shifted to flask 
and 50% methanol (50-mL) was added, refluxed for 1 h in a heat 
water bath and filtered. The filtrate was condensed and diluted to 
25 mL with 50% methanol. 5-mL sample extract were loaded 
onto a Sep-pak C i8 column that had been prewashed with 5-mL 
methanol and 5-mL distilled water, discard the initial eluent 
1-mL, then collect 2-mL eluent for latter determination of phe¬ 
nolic acids. 

Apparatus and conditions 

The analysis of phenolic acids was performed by China 
Academy of Forestry Analytical Center. For JJPLC analysis, the 
extracts were injected into Water 244 HPLC equipped with UV 
detector (254nmx0.1AUFS) and Kromasil Ci$ (0.4cmx25cm). 
The mobile phase was composed of methanol-acetonitrile-water 
(35: 3: 62, v/v/v), and adjusted to pH 3.0 with phosphate. The 
flow rate was set to 0.7m L-min' 1 . Injection volume was 10 pL. 
Phenolic acids content was monitored and compared with that by 
the external standard method. Each treatment was repeated more 
than three times, and then the mean value was calculated. 

Results 

Effect of MeJA on phenolic acids change 

Some studies reported that the plant secondary compounds 
would increase after being attacked by herbivores (Ryan 2000). 
In this study we also found that the changes at phenolic acid 
level also occurred in poplar leaves after MeJA treatment. When 
populus deltoides leaves were exposed to MeJA for 4 h, the con¬ 
tent of all phenolic acids increased except for pyrocatechol, 
coumaric acid and benzoic acid (Fig. 1). Among phenolic acids, 
the content of gallic acid increased distinctly at 24 h, and then 
dropped off. Furthermore, during 6 days and 12 days, most phe¬ 
nolic acids remained at high level. It indicated that plant began to 
accumulate phenolics for about 4 h after the initial exposure to 
MeJA and continued to accumulate the phenolic acids for nearly 
12 days. 


For detennining whether MeJA could activate phenolic acids 
synthesis in other plants, P. simoniixP. pyramibalis c.v were 
exposed to volatile MeJA for 24 h and the phenolic acids con¬ 
tents in their leaves were detected (Fig. 2). The results showed 
that the level of gallic acid and pyrocatechol in suffocated leaves 
were higher than those in control leaves; catechinic acid, ferulic 
acid and benzoic acid decreased a little; and caffeic acid and 
coumaric acid were undetected in both suffocated and control 
leaves. 

Effect of MeSA on phenolic acids change 

To understand how MeSA affect the contents of phenolic ac¬ 
ids, we examined the contents of seven phenolic acids in Populus 
deltoides leaves exposed to MeSA for 4 h in the same container. 
The results showed that the level of gallic acid, catechinic acid, 
pyrocatechol and ferulic acid in suffocated leaves decreased (Fig. 
3), and that ferulic acid had a significant decrease. At the same 
time, coumaric acid and caffeic acid increased. After 24 h, all 
phenolics increased except for catechinic acid; after six days, 
other phenolic acids increased diversely while gallic acid re¬ 
mained unchanged. Until 12 days, all phenolic acids increased, 
and gallic acid, catechinic acid and pyrocatechol were come to 
their maximum. 



Fig. 1 Phenolic acids change in Populus deltoides leaves suffocated by 
MeJA. 

The phenolic acids are net contents (except for the contents of phenolic acids 
in the control leaves). The number from 1 to 7 along the X-axis stands for 
gallic acid, catechinic acid, pyrocatechol, caffeic acid, coumaric acid, ferulic 
acid and benzoic acid, respectively. 



Phenolic acid 

Fig. 2 Phenolic acids change in P. simoniixP. pyramibalis c.v leaves 
suffocated by MeJA. 

The leaves treated with ethanol were used as control. The number from 1 to 7 
along the X-axis stands for gallic acid, catechinic acid, pyrocatechol, caffeic 
acid, coumaric acid, ferulic acid and benzoic acid, respectively. 
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Meanwhile, the concentrations of phenolics were detected in 
P. simoniixP. pyramibalis c.v leaves after MeSA treatment. The 
level of gallic acid, pyrocatechol and ferulic acid in suffocated 
leaves was higher than that in control leaves. On the one hand, 
pyrocatechol had a significant increment (Fig. 4). On the other 
hand, catechinic acid and benzoic acid had a little drop. Caffeic 
acid and coumaric acid were undetected in both suffocated and 
control leaves. That is similar to the phenolic acids change in¬ 
duced by MeJA. Following the similar pattern, it suggested that 
MeSA may function as airborne signal induce the defense in 
woody plants 



Fig. 3 Phenolic acids change in Populus deltoides leaves suffocated by 
MeSA. 

The phenolic acids are net contents (except for the contents of phenolic acids 
in the control leaves). The number from 1 to 7 along the X-axis stands for 
gallic acid, catechinic acid, pyrocatechol, caffeic acid, coumaric acid, ferulic 
acid and benzoic acid, respectively. 



Phenolic acids 

Fig. 4 Phenolic acids change in P. simoniixP. pyramibalis c.v leaves 
suffocated by MeSA. 

The leaves treated with ethanol were used as control. The number from 1 to 7 
along the X-axis stands for gallic acid, catechinic acid, pyrocatechol, caffeic 
acid, coumaric acid, ferulic acid and benzoic acid, respectively. 

Discussion 

Along with a constitutive resistance, plants possess mecha¬ 
nisms of active resistance preventing pathogen and herbivores 
invasion. There are many evidences suggest that phenolic acids 
may limit the host range of herbivore and prevent growth of 
competitive vegetation based on their activity as deterrents and 


toxins (Harborne 1994). Increasing content of phenolic acids is 
considered as one measure of the activation of defense response. 
For example, flavonoids are larval growth inhibitors of the 
European com borer ( Ostrinia nubilalis Hubner) (Abou-Zaid et 
al. 1993). In this experiment, the change pattern of phenolic 
acids is more complex. The tendency of coumaric acid, caffeic 
acid and ferulic acid in Populus deltoides leaves exposed to 
MeJA is similar to that in Populus deltoides leaves exposed to 
MeSA; but there was a different phenolic acid content in poplar 
opera leaves and Populus deltoides leaves treated with MeJA or 
MeSA. This indicated that different species of plants had proba¬ 
bly evolved differing levels of defense responses. Coumaric acid, 
caffeic acid and ferulic acid are central intennediates of lignin 
biosynthesis, and derivate from phenylalanine by the action of 
PAL (Dixon et al. 1995). Lignin accumulation can prevent xy- 
lem invasion due to an increase in the cell-wall mechanical rigid¬ 
ity (Stafford 1988). 

Pyroctatechol, an orthodihydroxy phenol, may be oxidated by 
peroxidase (POD) and polyphenol oxidase (PPO) to correspond¬ 
ing quinones in response to herbivores attack and pathogen inva¬ 
sion (Bajaj 1998). In our experiment, the content of pyrocatechol 
stably increases in two poplars. Li Hui-ping (2003) suggested 
that the contents of phenolic acids were positively related to the 
resistance of poplar, and the resistance of poplar increased with 
contents of phenolic acids. Biosynthesis and accumulation of 
benzoic acid had been reported as a phytoalexin against fungal 
pathogen (Harborne 1994). Because benzoic acid was the pre¬ 
cursor of salicylic acid (SA), it may serve as supply to induce 
accumulation of SA in damaged plants. SA has been shown to be 
signal for systemic acquired resistance of plants (Mauch-Mani et 
al. 1996). In our experiment, benzoic acid increased in Populus 
deltoides leaves treated with MeJA and MeSA, but decreased in 
poplar opera leaves treated with MeJA and MeSA. The reason 
may be that benzoic acid in poplar opera leaves exposed to 
MeJA and MeSA was used to synthesize salicylic acid to defense 
the herbivore and pathogen attack. 

Gallic acid is typical hydrolysable tannin, and catechinic acid 
is the building block of condensed tannins (Higuchi 1997). Tan¬ 
nins reduce the edibility of plant tissue and inhibit the digestion 
of protein in herbivores. Tannins, as well as lignin, also increase 
the leaf toughness (Lambers et al. 1998). Gallic acid content in 
Populus deltoides leaves treated with MeJA comes to a peak at 
24 h while to a peak at 12-d having leaves treated with MeSA. 
Catechinic acid has no significant change in Populus deltoides 
leaves treated with MeSA and MeJA. It indicated that different 
patterns of phenolic acids may manifest different resistance in 
response to attack on plant. These results supported that MeJA 
and MeSA could function as airborne signals inducing resistance 
of poplars. One possible reason of the discrepancy between pre¬ 
vious studies and ours may be the material we chose, since most 
other studies have focus on model plants such as tobacco (Kar- 
ban et al. 2000) and tomato (Fanner et al. 1990). This indicates 
that communication between plants can occur and is mediated by 
an airborne signal. 

In our opinion, if the resistance to pathogen and herbivore is 
successful development, plants should offer active basic metabo¬ 
lism and active phenolic acids metabolism, remain viable after 
invasion. Our study on the defensive responses of poplar has 
revealed differences in the contents of phenolic acids in plants 
exposed to volatile compounds. It concluded that MeSA and 
MeJA might act as airborne signal molecules to induce an un¬ 
wound neighboring plant to enhance resistance. However, 
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whether such signal molecules are universal in nature or how 

these signal molecules can be identified and transported between 

plants need to make a further research. 
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